] i with FURA-2 revealed that depolarization-evoked calcium entry is inhibited after exposure to 10 nM and 10 lM E2. Calcium entry after exposure to 50 lM E2 decreases slightly, but insignificantly. To relate E2-induced changes in [Ca 2? ] i to functional effects, we measured exocytosis using amperometry. It was observed that E2 in some cells elicits exocytosis upon exposure. In addition, E2 inhibits depolarization-evoked exocytosis with a complex concentration dependence, with inhibition at both physiological and pharmacological concentrations. This rapid inhibition amounts to 45% at a near physiological level (10 nM E2), and 50% at a possible pharmacological concentration of 50 lM. A small percentage (22%) of cells show exocytosis during E2 exposure (''Estrogen stimulated''), thus vesicle depletion could possibly account (at least partly) for the E2-induced inhibition of depolarization-evoked exocytosis. In cells that do not exhibit E2-stimulated release (''Estrogen quiet''), the E2-induced inhibition of exocytosis is abolished by a treatment that eliminates the contribution of N-type voltage-gated calcium channels (VGCCs) to exocytosis. Overall, the data suggest that E2 can act on N-type VGCCs to affect secretion of neurotransmitters. This provides an additional mechanism for the modulation of neuronal communication and plasticity by steroids.
Introduction 17-b-estradiol (E2) is a potent steroid that exerts its effects via nuclear transcription factors that regulate gene expression as well as via membrane-bound receptors that modulate intracellular signaling pathways. E2 is synthesized in the gonads as well as locally in the brain, where it exerts numerous neuromodulatory effects, including modulation of synaptic plasticity, neuroprotection, and synaptogenesis (McCarthy 2008; Kelly and Rønnekleiv 2009; Nilsen 2008; Ogiue-Ikeda et al. 2008) .
Within seconds, E2 can alter neuronal activity and second messenger systems, including kinase-signaling pathways, calcium mobilization and entry and vesicular neurotransmitter secretion (exocytosis) (Kelly and Rønnekleiv 2009 ). However, the proposed mechanisms by which E2 influences the cytosolic calcium concentration ([Ca 2? ] i ) and subsequent exocytosis vary and are not well understood. Understanding how E2 affects exocytosis both at physiological and pharmacological levels could provide important insights into related adaptive neuronal processes affected by E2 as well as its therapeutic potential.
PC12 cells have been used frequently as a model to study the presynaptic exocytosis machinery. PC12 cells secrete dopamine from large dense-core vesicles, permitting detection of individual vesicle release events with carbon fiber amperometry (Chen et al. 1994; Westerink and Ewing 2008) . They have been used as a model system to study both voltage-gated calcium channels (VGCCs) and intracellular calcium release mechanisms (Bennett et al. 1998; Taylor and Peers 1999; Tully and Treistman 2004) . Importantly, PC12 cells are also an appropriate model system to study the effects of estrogens. They express ER-b but lack ER-a in an undifferentiated state (Nilsen et al. 1998 ) and also contain the membrane estrogen receptor GPR30 (unpublished observations). Others have shown that micromolar concentrations of E2 inhibit secretion in PC12 (Kim et al. 2000) and adrenal chromaffin cells (Machado et al. 2002) , but the effects of physiological levels (*10 nM) of E2 on secretion have not been specifically examined in PC12 cells.
In this article, we report the effects of both physiological (nM) and higher pharmacological (lM) levels of E2 on exocytosis evoked by elevated extracellular K ? , a stimulus that activates VGCCs and thereby increases [Ca 2? ] i . The results indicate that E2 suppresses exocytosis with a complex concentration dependence via a pathway that involves N-type VGCCs and in specific cells potentially depletes the readily releasable pool of vesicles.
Methods
Materials 17-b-Estradiol (E2) was purchased from Calbiochem (San Diego, CA). FURA-2 AM was purchased from Invitrogen (Carlsbad, CA). All other reagents were purchased from Sigma-Aldrich (St. Louis, MO).
Solutions
The experimental bathing solution was HEPES-buffered saline, containing (in mM) 150 NaCl, 5 KCl, 2 CaCl 2 , 1.2 MgCl 2 , 10 HEPES, and 5 glucose (pH 7.4). The high K ? depolarizing solution had the same composition as the saline only with KCl raised to 100 mM and NaCl lowered to 55 mM to maintain osmotic balance. For treatments, drugs were dissolved into the HEPES-buffered saline with the addition of 0.1% ethanol to dissolve E2 and x-conotoxin. This concentration of ethanol had no effect on exocytosis in control experiments (data not shown).
Cell Culture PC12 cells (Greene and Tischler 1976) were purchased from the American Type Culture Collection (www.atcc. org) and maintained in phenol red-free RPMI 1640 (Mediatech/VWR: West Chester, PA) supplemented with 10% equine serum (Hyclone: Logan, UT), 5% fetal bovine serum (Hyclone: Logan, UT), and 100 units/ml Penicillin/ Streptomycin (Gibco-Invitrogen: Carlsbad, CA). Cells were grown in collagen IV-coated flasks incubated at 7% CO 2 and 37°C, and subcultured every 7-9 days or when confluence was reached. Experiments were performed on cells 4-7 days after subculturing.
Carbon Fiber Amperometry
Electrodes were prepared as described previously (Kozminski et al. 1998) . In brief, 5-lm diameter carbon fibers were threaded into glass pipettes via aspiration and pulled using a commercial puller (P-97, Sutter Instruments, Novato, CA) to create a seal around the tip of the fiber. Electrode tips were cut to a uniform diameter of 8 lm (larger than the fiber diameter because of the encasing glass) with a razor and dipped for 5 min in epoxy (Epotek-301, Billerica, MA) prior to heating for 24-72 h at 100°C. On the day of experiments, electrode tips were beveled at 45°to produce a smooth electroactive disk surface using a commercial micropipette beveler (Model BV-10, Sutter Instruments, Novato, CA). Beveled electrode tips were maneuvered to the surface of individual cells and lowered until the electrode surface made contact with the cell, indicated by a slight deformation of the cell surface. Detection of catecholamine release was performed by holding the potential of the electrode at ?700 mV versus an Ag/AgCl reference electrode placed in the bathing solution. Electrodes were tested immediately before and after each experiment in 100 lM dopamine to ensure that sensitivity was maintained. Results were discarded from experiments where electrode sensitivity was lost.
Cells were plated on 60 mm collagen IV-coated dishes, and the experiments were performed at 37°C using an Olympus IX-70 inverted microscope and heat stage (Linkam Scientific, London, UK). Prior to electrochemical recording, cells were washed three times with fresh, warm (37°C) saline. Micropipettes were pulled using a commercial puller, back-filled with test solutions (high K ? stimulation solution or E2) and cut to *15 lm O.D. These pipettes were positioned *100 lm from the experimental cell and solutions were ejected onto the cell (Picospritzer II, General Valve Corp). Three successive 5-s pulses of 100 mM K
? were applied at 40-s intervals. The concentration of this stimulation was modeled after the early experiments with estrogen on exocytosis (Lopez et al. 1991) , and modified to conform to more recent protocols using PC12 cells as models for exocytosis (Sombers et al. 2004 (Sombers et al. , 2007 Westerink and Ewing 2008) . Next, the recording was suspended, and the electrode was raised from the cell for 10 min to allow the cell to recover. This recovery period was intended to limit the effects of desensitization to the stimulus during the experiment. After the recovery period, the electrode was placed against the cell surface again, and a 45-s pulse of E2 was applied. A 45-s pulse was chosen to adequately expose the cell to the treatment solution as well as to prevent any genomicrelated effects brought about by prolonged exposure. Following exposure to E2 treatment, the cell received three additional successive 5-s pulses of 100 mM K ? . To estimate changes in exocytosis over time in the absence of any treatment, a control ratio was calculated from a set of untreated cells with the same 10-min recovery interval between each set of stimulations. In situations where the objective was to eliminate the involvement of N-type VGCCs, x-conotoxin GVIA was added directly to the bathing solution throughout the duration of the experiment.
Electrochemical Data Acquisition and Analysis
Amperometric data were recorded with an Axon 200B amplifier (Molecular Devices, Sunnyvale, CA). The output was digitized at 5 kHz and filtered at 2 kHz with an internal four-pole Bessel filter, and analyzed without subsequent filtering. Peaks were counted and characterized with the MiniAnalysis software detection algorithm (Synaptosoft, Decatur, GA). Peaks were detected if both the amplitude of local maxima and the area under the curve exceeded a threshold of five times the root-meansquared noise for a flat, 2-s recording acquired at the beginning of each experiment (Colliver et al. 2000) . Peaks were visually inspected to confirm that electrical noise was not included and to include peaks manually that were not detected because of their proximity in the current trace. Overlapping events were discarded if the baseline for each peak could not be extrapolated using a built-in software algorithm. In cases where peaks appeared to rise above a broader background current, the detection algorithm assigned a baseline for the peak to the level of the background current.
Changes in depolarization-evoked exocytosis following treatment was calculated as a treatment ratio according to Treatment ratio ¼ No: of events after treatment No: of events before treatment ð1Þ
with the number of events summed from a cell stimulated three times with 100 mM K ? for both the numerator and denominator. In determining this ratio, each cell serves as its own control. Where inhibition is compared to control in the text, percent inhibition was calculated as
Because the number of evoked peaks per cell can vary from 20 to 400 events, cells are best represented by averaging ratios from each cell rather than pooling pre-and posttreatment peaks from all cells prior to averaging (Colliver et al. 2000; Westerink et al. 2000) , and were thus analyzed in this manner. Two-tailed t tests were used to compare all treatment groups, and Dunnett's t test was used to compare a range of E2 concentrations to control; P-values \0.05 were considered significant. All data are expressed as mean ± SEM of n single cell experiments.
Intracellular Calcium Imaging and Analysis PC12 cells were subcultured on 60-mm collagen IV-coated dishes. Cells were loaded with 1 lM FURA-2 in saline for 15 min at 37°C and 7% CO 2 . After loading, cells were washed three times with fresh, warm (37°C) saline. Experiments were conducted at 37°C and as outlined in the ''Carbon Fiber Amperometry'' section with the exception that the cells were subjected to 45 s of saline instead of treatment as a control. Ratiometric fluorescence imaging data (excitation at 340 and 380 nm) were collected at 510-nm emission wavelength. Data were analyzed using Olympus Cell-R and its accompanying software (Olympus, Hamburg, Germany) to calculate a F340/F380 FURA ratio that is used to monitor changes in [Ca 2? ] i .
Data were background-subtracted using a cell-free region present in the field-of-view. FURA treatment ratios were calculated as
where the average FURA ratio (after) is equal to the average of the peak ratios for the three K ? stimulations after the treatment period and the average FURA ratio (before) is equal to the average of the peak ratios for the three K ? stimulations before the treatment.
Results

Estradiol Inhibits Depolarization-Evoked Calcium Influx
To measure the effects of E2 on cellular calcium entry, three successive 5-s pulses of 100 mM K ? were applied to depolarize the cells and evoke calcium entry through VGCCs. In all the cases, calcium entry was observed during K ? stimulation. A small decrease (13 ± 6%) was observed in calcium influx with successive stimulations. This was used as the baseline, so that all changes after E2 treatment are relative to this small decrease in control cells. When cells were challenged 10 min after the initial K ? stimulations with a 45-s application of E2 before a second round of three successive K ? stimulations, the level of calcium entry decreased or showed no change relative to control (Fig. 1) . K ? -evoked calcium entry after exposure to 10 nM E2 decreased by 26 ± 3% (P \ 0.01) and by as much as 56 ± 2% (P \ 0.001) after exposure to 10 lM E2. After exposure to 50 lM E2, however, K ? -evoked calcium entry decreased only by 7 ± 3% (P = 0.44).
Estradiol Inhibits Depolarization-Evoked Exocytosis
Exocytosis was measured using amperometry to investigate whether the observed changes in depolarization-evoked calcium entry have functional consequences for neurotransmitter secretion. Three successive 5-s pulses of 100 mM K ? , applied at 40-s intervals, evoked massive exocytosis. On average, 176 ± 13 exocytotic events (n = 129 cells) were detected from three 5-s K ? stimulations prior to any treatment. When cells were challenged 10 min later with different concentrations of E2 for 45 s before a second round of three successive stimulations, the number of K ? -stimulated events either remained the same (Fig. 2a) or decreased (Fig. 2b) . A small subset of cells (22%) also showed release events during the E2 application (Fig. 2c) , and these release events are important as they might deplete the vesicle pool for the K ? stimulations after E2.
To examine the change in exocytosis following treatment with E2, data from the three stimulations before E2 (serving as same-cell control) were compared to those after E2 treatment (Fig. 3) . The data shown with the solid line compares the number of events observed after treatment to the number of events observed before treatment (Eq. 1). Treatment with E2 inhibited the amount of K ? -stimulated exocytosis in a complex manner with a maximum inhibition of 63 ± 7% at 50 lM compared to control. Application of E2 at physiologically relevant levels (10 nM) also ? stimulations applied every 40 s followed by a 10-min break without treatment to allow the cells to recover (indicated by a break in the trace). The cells were then treated for 45 s with the appropriate concentration of E2 or saline as a control followed by three more K ? stimulations. The K ? stimulations rapidly increase the FURA-2 ratio, indicative for increases in [Ca 2? ] i . b Bar graph of the FURA treatment ratio (Eq. 4) shows that when saline was administered during the drug treatment segment of the protocol as a control, [Ca 2? ] i slightly decreased compared to levels observed prior to the treatment period (87 ± 6% of the increase in ratio before). Treatment with 10 nM E2 resulted in 26 ± 3% less calcium entry versus the saline control (**P = 0.005), while treatment with 10 lM E2 resulted in a 56 ± 2% decrease versus the control (***P \ 0.001). Treatment with 50 lM E2 resulted only in a slight (7 ± 3%), but not statistically different (P = 0.44) decrease in the amount of calcium entry post-treatment. Data collected from n = 80, 40, 63, and 40 cells from 7, 4, 5, and 4 dishes for saline control, 10 nM E2, 10 lM E2, and 50 lM E2, respectively resulted in a 44 ± 8% inhibition, although intermediate concentrations (1-5 lM) were not effective. There was a trend toward inhibition at 2.5 nM (P = 0.07) and 100 nM E2 (P = 0.06) that did not reach statistical significance. Individual amperometric peaks did not vary in charge (area under the peak) or shape (rise time, decay time, half-width, and rise slope) after exposure to E2 at any concentration, indicating that E2 did not have any direct effects on the exocytosis machinery.
The dashed line in Fig. 3 compares the number of events observed both during and after treatment to the number of events observed before treatment (Eq. 5).
No: of events after treatment þ No: of events during treatment
No: of events before treatment ð5Þ
These data suggest that release during application of E2, mainly at 10 nM and 50 lM, might deplete the readily releasable pool of vesicles thereby affecting the number of release events observed during K ? stimulation after the treatment. Data for E2 concentrations where these two curves differ, i.e., at 10 nM and 50 lM, have, therefore, been sub-divided into two groups of cells: those with events during the treatment period (''Estrogen stimulated'') and those without events (''Estrogen quiet''). An arbitrary threshold of less than five events during the treatment period was set for a cell to be categorized as ''Estrogen quiet''. A comparison of ''Estrogen-stimulated'' versus ''Estrogen-quiet'' cells for 10 nM and 50 lM E2 treatments is shown in Fig. 4 . The treatment ratio for both groups was calculated using Eq. 5 and thus includes the release events during E2 treatment. Using this analysis, ''Estrogen-stimulated'' cells did not show inhibition of exocytosis at 10 nM E2 compared to control, but rather an insignificant increase in the number of events observed. Likewise, ''Estrogen-stimulated'' cells show very little inhibition at 50 lM E2 (11 ± 33%), whereas ''Estrogenquiet'' cells showed a 45 ± 12% inhibition at 10 nM E2 (P = 0.013) and a 50 ± 16% inhibition at 50 lM E2 (P = 0.022).
Inhibition of Exocytosis by Estradiol Depends on N-Type Voltage-Gated Calcium Channels
''Estrogen-stimulated'' cells may have significant depletion of the number of readily releasable vesicles available, thus reducing the amount released during the subsequent K ? stimulations. Therefore, only ''Estrogen-quiet'' cells were used to further investigate the inhibitory effects of E2.
Exocytosis initiated by depolarization with K
? depends primarily on L-and N-type VGCCs in PC12 cells (Taylor and Peers 1999) . We used the specific N-type VGCC antagonist, x-conotoxin GVIA (Hirning et al. 1988) , to test whether the action of E2 on N-type VGCCs was sufficient to account for its inhibition of exocytosis. When 500 nM x-conotoxin was present throughout the experiment, neither 10 nM nor 50 lM E2 inhibited exocytosis. The number of post-E2 exocytosis events was 102 ± 11% of the pre-E2 events at 10 nM and 104 ± 16% at 50 lM compared to untreated cells with 94 ± 9% of initial activity over the same time interval (Fig. 5) . However, when L-type VGCCs were blocked with nimodipine (10 lM), exposure to 50 lM E2 still inhibited exocytosis (not shown). The results suggest that N-type VGCCs are required for the inhibitory effects of E2 at 10 nM and 50 lM, although other VGCCs and additional downstream targets could also be involved.
Discussion
This study demonstrates that brief exposure (45 s) to nearphysiological levels of E2 (10 nM) rapidly alters depolarization-evoked Ca 2? entry in PC12 cells when compared to control experiments that were exposed to saline between K ? stimulations (Fig. 1) . Pharmacological levels of E2 Fig. 2 Representative amperometric traces of exocytosis. PC12 cells were stimulated three times for 5 s with 100 mM K ? (denoted by arrows). The cells were then allowed to recover for 10 min (denoted as a break in the trace). Cells were subsequently exposed to a 45-s pulse of E2 of different concentration or only the HEPES-buffered saline (indicated by a solid line along the time axis) followed by three more 5-s stimulations with 100 mM K ? . Cells generally responded one of three ways: a Amperometric trace of a cell treated with 100 nM E2. The number of events after E2 exposure was approximately the same as the number of events seen before E2 exposure. No events were observed during the application of E2. b Amperometric trace of another cell treated with 100 nM E2. The number of events after E2 exposure dramatically decreased as compared to the number of events before E2 exposure. Again no events were seen during the application of E2. c Amperometric trace of a cell treated with 100 pM E2. The number of events after treatment was slightly reduced after E2 exposure as compared to the number of events before E2 exposure. However, events were also observed during the E2 application. Cells with events during the E2 treatment, as shown in (c), are referred to as ''Estrogen stimulated'' cells in the text. Cells without events during the E2 treatment (a and b) are collectively referred to as ''Estrogen-quiet'' cells (10 lM) also induce a rapid and extensive inhibition of Ca 2? entry. Similarly, brief applications of E2 (10 nM or 10 lM) significantly reduced the number of exocytosis events in PC12 cells, whereas intermediate concentrations were without effect on exocytosis (Fig. 3) . Levels of E2 in the micromolar and nanomolar range have been independently reported to affect exocytosis by a membranereceptor mechanism (Lopez et al. 1991; Machado et al. 2002; Lee et al. 2002; Kim et al. 2000) , and our results are consistent with this. However, a complex concentrationresponse to E2 that encompasses both response ranges as shown here has not been reported.
Of interest, exocytosis was largely inhibited at higher E2 concentrations (50-100 lM), while depolarization-evoked Ca 2? entry following 50 lM E2 remained nearly constant, suggesting multiple processes might contribute to the observed E2-induced inhibition of exocytosis, and that these might differ for E2 exposure at low versus high concentrations. Our data not showing a decrease in Ca 2?
influx at the high concentration of E2 appears to contradict that of Lopez et al., but it might mean that multiple Ca 2? sources are involved in the mechanism of E2 action. Further, in some cells ''spontaneous'' exocytosis was observed during the exposure to E2 (''Estrogen stimulated'', see below), also pointing to the involvement of multiple processes.
A large body of literature confirms that E2 can rapidly modulate calcium and messenger systems in the picomolar to nanomolar range. Depending on cell type and concentration, E2 can activate PKC, PKA, or ERK1/2 MAP kinase on a rapid similar time scale (Kelly and Rønnekleiv 2009; Ogiue-Ikeda et al.,2008; Machado et al. 2002; Lee et al. 2002; Vasudevan and Pfaff 2007) . Moreover, E2-induced activation of these pathway(s) has been shown to both enhance and inhibit neuronal activity, a similar effect to that observed in our model system.
In some cells, E2 at 10 nM and 50 lM elicits exocytotic release, which could (partly) explain the inhibition of subsequent depolarization-evoked exocytosis if vesicle depletion could occur. As a result, cells challenged at these concentrations were sub-divided into two groups: one with events during the E2 application (''Estrogen stimulated'') and one without (''Estrogen quiet''). It is interesting to speculate that the difference between ''Estrogen-stimulated'' and ''Estrogen-quiet'' cells might involve differential expression of an estrogen receptor that facilitates E2-stimulated exocytosis. This release might involve initial opening, rather than restricting of calcium channels on the Fig. 3 Concentration-response curves for the effect of E2 on exocytosis. Treatment ratio (Eq. 1), indicated by the solid line, shows the data from all cells investigated. Exocytotic events that occurred in some cells during the E2 treatment were excluded from this curve. Both at a physiological concentration (10 nM) and at possible pharmacological concentrations (10-100 lM), E2 inhibits exocytosis. This inhibition is not observed at 10 nM and 50 lM E2, however, when events during the E2 treatment period are also included in the ratio calculation to account for vesicle depletion from ''Estrogen stimulated'' cells (dashed line; see Eq. 5). Averages at each concentration are compiled from n = 16 (control), 11 (10 pM), 9 (100 pM), 14 (2.5 nM), 19 (10 nM), 12 (100 nM), 12 (1 lM), 6 (5 lM), 8 (10 lM), 11 (50 lM), and 11 (100 lM) single cell experiments. * P \ 0.05 (for the primary concentration-response curve only at 100 nM); *** P \ 0.001. Of the 129 cells that make up the primary concentration-response curve (solid line) (including the 16 control cells), 29 cells were ''Estrogen stimulated'' (having [5 events during the E2 treatment period). This amounts to *22% of the cells examined. However, the bulk of these cells were within the 10-nM and 50-lM E2-treated cells (13 and 7 cells, respectively). The remaining nine cells were for the 100 pM E2 treatment (4 cells), 2.5 nM E2 treatment (3 cells), 100 nM E2 treatment (1 cell), and 1 lM E2 treatment (1 cell) plasma membrane. The added E2-stimulated release in ''Estrogen-stimulated'' cells might deplete the vesicle pool available for further release and thereby reduce the number of exocytosis events observed with subsequent K ? stimulations.
As exocytosis was absent in ''Estrogen-quiet'' cells during E2 exposure, vesicle depletion cannot account for the observed inhibition of depolarization-evoked exocytosis. In these cells, the reduction of exocytosis by E2 at low and high concentrations was abolished in the presence of the N-type VGCC antagonist, x-conotoxin GVIA (Fig. 5) , but not by the L-type VGCC antagonist nimodipine, indicating that E2-induced inhibition of N-type VGCCs accounts, at least partly, for the inhibition of exocytosis. Surprisingly, however, calcium imaging revealed that there is only an insignificant decrease in the calcium ratio after 50 lM E2. This could imply that, in ''Estrogen-stimulated'' cells, E2-induced inhibition of N-type VGCC does not occur thus obscuring the calcium imaging data. It is also possible that a direct interaction between N-type VGCCs and the exocytotic machinery exists (for review see Atlas 2001) that is modulated by E2 resulting in effects on exocytosis in the absence of effects on calcium entry.
Thus, within the concentration range tested here (10 pM-100 lM), E2 non-linearly inhibits depolarizationevoked exocytosis. In ''Estrogen-stimulated'' cells, E2 induces exocytosis during exposure, possibly resulting in vesicle depletion. In ''Estrogen-quiet'' cells on the other hand, inhibition of N-type VGCCs accounts for the observed inhibition of depolarization-evoked exocytosis, providing another potential mechanism for the modulation of neuronal communication and plasticity in vivo.
The data presented here suggest that E2 modulates N-type VGCCs in neural transmission, and this could be important at any excitable cell type. Pharmacological treatment with estrogen might be problematic, however, owing to the complex concentration-response curve observed for treatment with E2. If PC12 cells can be taken as a model of adrenal cell behavior, then the presence of two cell types might also be a factor in governing the modulation of adrenal release of catecholamines by steroids. Fig. 4 Comparison of the effects of E2 on exocytosis for selected cell types. The number of events observed during K ? stimulation after E2 treatment compared to the number of events before E2 treatment for cells treated with 10 nM and 50 lM E2 and control. ''Estrogen stimulated'' contains cells having events during the E2 treatment period. ''Estrogen quiet'' contains cells having few or no events during the E2 treatment period. To calculate the ratio for ''Estrogen stimulated'', events observed during the E2 application were added to the number of events seen after E2 treatment, and this total was compared to the number of events seen prior to E2 treatment (Eq. 5). At 10 nM, E2 inhibited release by 45 ± 12% for the ''Estrogenquiet'' cells. At 50-lM E2, the inhibition for ''Estrogen-quiet'' cells was as high as 50 ± 16%. At these concentrations of E2, the E2-stimulated cells did not change release significantly from control. Here, n = 16, 13, 6, 7, and 4 cells for control, 10 nM ''Estrogen stimulated'', 10 nM ''Estrogen quiet'', 50 lM E2 ''Estrogen stimulated'', and 50 lM E2 ''Estrogen quiet'', respectively. * P \ 0.05 Fig. 5 E2-induced inhibition of exocytosis depends on N-type VGCCs in PC12 cells. Addition of 500 nM x-conotoxin (cono) to the bathing solution eliminated the decrease in exocytosis observed after 10 nM E2 and 50 lM E2. Data are derived from ''Estrogen-quiet'' cells only (no E2-stimulated events during the treatment period). Data are collected from n = 6, 4, 12, and 7 cells for 10 nM E2, 50 lM E2, 10 nM E2 ? cono, and 50 lM E2 ? cono, respectively. * P \ 0.05
